Solid organ transplantation has become the first line of treatment for a growing number of lifethreatening pediatric illnesses. With improved survival, research into the long-term outcome of transplant recipients has become important to clinicians. Adherence to medical instructions remains a challenge, particularly in the adolescent population. New immunosuppressant approaches promise to expand organ transplantation in additional directions. Extension of transplantation into replacement of organs such as faces and hands raises complex ethical issues.
Background
Pediatric solid organ transplants are still relatively rare. Less than 8% of the recipients of solid organ transplants in the United States annually are under 18 years of age, according to the 2008 report from the OPTN/SRTR (1) . The annual number of pediatric solid organ transplants has been approximately 2000 children since 1998. Although the wait for an organ that is a match for size as well as blood type may be longer for young children, the 5 year survival is similar in children to that of young adults (1) . (Table 1 & Table 2 ).
Immunosuppression is the critical element in survival of most solid organ transplant recipients (2, 3) . Organs vary as to their levels of immune activity, and subsequently some require more exact matching with the donor and more or different types of immunosuppression. Kidney transplants proved to be feasible in identical twins (for whom immunosuppression was not
1.
There is a mechanical alternative to transplantation, dialysis, which can keep a person alive while awaiting a matched organ. Hemodialysis requires visits to an outpatient center three times a week, for hours at a time, and peritoneal dialysis requires connection to an elaborate, sterile set of equipment in the home for 10 hours a night.
Patients receiving dialysis must still watch their salt intake, and the intermittent nature of the dialysis cannot replicate the constant detoxification of a working kidney. Both types of dialysis have risks, and impact a patient's work and social life. However, dialysis is the reason that with kidney transplantation graft failure is not usually equivalent to recipient death (10).
2.
Kidneys are paired organs, and humans can generally function quite well with just one kidney. This has meant that living-related kidney donation has been possible. Using relatives as donors allows better immunological matching, and therefore decreased risk of rejection. It also means the donated organ is taken from a healthy person, and is available when the recipient needs it, not when a matched cadaver is found. Although kidney donation is a major surgical procedure, the risk to the donor is relatively small.
The fact that kidneys are paired organs also means that two recipients can receive organs from one cadaver donor. This has helped to decrease the waiting list, relative to other types of solid organ transplants. Anything that decreases the wait time improves the outcome of the surgery, by allowing the recipient to be healthier at the time of transplant (11) .
A result of these differences is that kidney transplantation has been practiced since the 1950s, and is thus well-established at many centers. More programs are authorized to provide kidney transplants as more have had and continue to have the required number of procedures to be considered "expert". The number of kidney transplants in adults related to diabetic nephrology led to combined pancreas and kidney transplants, primarily in adults. These are now quite successful, with a one year graft survival of 85% and three year patient survival of 90% (14) . Joint kidney and liver transplants are also relatively common (15) .
Liver
Liver transplantation does not have many of the advantages listed above for kidney transplantation. There is no mechanical substitute for the liver, and the liver is not a paired organ. The liver is active immunologically, and must be matched carefully to prevent rejection. The majority of liver transplants in children are done on children under the age of five years, and most of these are for congenital illness, such as alpha 1 antitrypsin or biliary atresia (16) . Thus the children are quite small, and cannot accommodate an adult liver.
However, the liver is an organ with individual lobes, and people can survive with less than a complete functional liver. Thus, for the reasons described above, once the surgical techniques were found to be feasible, partial livers were used for children. Removing just one lobe of the liver allowed the donor to continue a health life, allowed better-matched relative to be donors, produced a smaller organ to fit young children, and gave an option to children who would not survive the wait for a deceased donor (17) .
One problem with this was the coercion inherent in being a potential living related donor. This had, of course, also been an issue for kidney transplantation. However, the availability of dialysis reduced some of the time urgency and increased the likelihood of finding another donor. For parents of very small children in liver failure there were very few options. Programs responded to this by requiring careful assessments of potential donors to see that they qualified as giving true informed consent. That is, they needed to understand the problem, the various alternative treatments (including doing nothing) and the potential consequences of each option, and to be deciding without undue influence. In reality, it was extremely rare for parents to feel comfortable refusing to be a donor.
Living related partial liver donation is now uncommon except in areas with little access to deceased donor organs (18) . Although the mortality was very low for donors, it was not zero, and the morbidity could be significant, if only in the loss of a month of employment. New techniques to use one cadaver liver for multiple recipients made the use of parental donors less necessary (19) .
Although liver transplantation is done at major centers all over the world, it is sufficiently specialized that not all medical centers have programs. To maintain a contract with the United Network for Organ Sharing, which oversees distribution of organs, a center has to perform a minimum number of transplants, and meet criteria on survival, complications, and services provided. Liver transplantation is therefore usually done at a regional center, with long-term follow-up coordinated though the regional center at the local hospital or clinics (20) .
Heart
Hearts are neither paired nor lobed, and are very immunologically active. But it was an unexpected aspect of heart transplantation which has led to some of the most serious concerns about pediatric heart transplants. Although initial survival was excellent, and improving technique led to dramatic improvements in 1-yr survival following cardiac transplantation, long-term graft survival has been limited by what is called accelerated transplant coronary artery disease or cardiac graft vasculopathy. This is an immunologically mediated chronic rejection characterized by progressive fibroproliferative disease, resulting in intimal thickening and occlusion of the grafted coronary vessels (21) . Lipid accumulation in allograft arteries is prominent, with lipoprotein entrapment in the subendothelial tissue, through interactions with proteoglycans (22) . The hope that a pediatric organ transplant recipient could have just one transplant and live with that heart for his or her normal life expectancy is lessened by evidence that significant atherosclerotic disease can be seen in as few as five years. This is an area of intense research (23) .
Lung and heart/lung
Cystic fibrosis is one of the most common indications for lung transplantation worldwide and certainly the most common indication for all pediatric lung transplants and for bilateral lung transplantation irrespective of age (24) . Outcomes are outstanding when compared with other indications for lung transplantation, and an increasing number of centers now report mean survival of greater than 10 years posttransplant (1).Pediatric lung or heart/lung transplantation is also done for treatment of congenital heart disease, primary pulmonary hypertension, or pulmonary fibrosis, and has not generally been done for very young children. Bronchiolitis obliterans remains the major late complication (25) . The survival has not been as good as with liver and heart transplants, but has been improving, at least for some underlying illnesses (26) . Reduced size transplantation has proven to be successful, allowing smaller children to be transplanted despite the scarcity of small donors (27) .Combined heart and lung transplant is comparable in success to lung transplantation (28) .
Small bowel or Multivisceral
Transplantation of the small bowel is done when the intestine cannot provide the body with sufficient nutrition or hydration. The most common reasons for intestinal failure in children are necrotizing enterocolitis, gastroschisis, intestinal atresia, volvulus, psycho-obstruction, and aganglianonsis. Although short-gut syndrome, secondary to surgical correction of the conditions listed above, is the most common cause of intestinal failure, short intestinal length is neither necessary nor sufficient to require transplantation (29) . Transplantation of the small bowel in children had a high initial rate of complications, resulting in a relatively low five year survival (30) . Although the 1 year survival in adults is now comparable to that of liver and heart transplants, the survival in children is still much less nationally (1). However, specific centers report 1 and 5 year survival rates of 90% and 77% respectively (30) . Transplantation of the small bowel has been used in cases where parenteral nutrition had failed (29) . Multivisceral grafts can include donor spleen and large intestine as well as small bowel. These patients frequently require intensive care preoperatively and have unique intensive care needs postoperatively (31) . With increasing survival rates, intestinal transplantation and multivisceral transplantation have reached the mainstream of medical care. Indications now include neoplastic disease, extensive splanchnic thrombosis and abdominal catastrophes (32) . Living donor intestinal transplantation is also being explored as an alternative to minimize death on the waitlist (33).
Transplant evaluations
Organs for transplantation are a scarce resource, and so allocation is carefully monitored and regulated. Teams of physicians from a variety of specialties assess a candidate to ascertain if the patient is sick enough to need a transplant, well enough to survive the transplant, and able to follow the medical instructions necessary to keep the graft alive. Once the patient has been listed as a good candidate, priority is given to the sickest person in the region on the list who matches the donor organ. The list must be regularly updated to remove anyone who is too sick, lest an organ be "wasted". The role of the psychiatrist in transplantation with adults is primarily focused on evaluation for suitability for the list. The psychiatrist generally serves to determine if there are reasons to think the patient will be non-adherent. In addition to frank psychopathology, a history of smoking, illicit drugs or alcohol abuse requires particular care (34) .
For most pediatric candidates, who are quite young, nonadherence assessment focuses primarily on the parents. This assessment is often done by social workers rather than psychiatrists or psychologists. Referral for a psychiatric assessment in pediatric organ transplantation is primarily done with adolescents. A Pediatric Transplant Rating Instrument has been developed to be used in these settings, which assesses the following domains (35):
1. Knowledge and motivation regarding the transplant 2. History of adherence with medications, appointments, and risks for nonadherence Child psychiatrists or psychologists may also be asked to assess someone as a potential candidate for solid organ transplantation in the following situations.
Suicide attempt The classic version of this situation would be a teenager who has taken a handful of acetaminophen, and is in acute liver failure. In this case, it is possible that the acute injury will resolve without need for transplantation, but the assessment must be done while the patients is alert, before hepatic encephalopathy makes it impossible to assess the situation adequately. The primary goal of this assessment is to determine whether or not this was a serious suicide attempt, or a gesture which is unlikely to be repeated. A careful history and mental status exam, with collaboration from family members, can usually determine if this is a teen with a chronic psychiatric problem. In most cases the psychiatric assessment in the case of a suicide attempt is advisory, guiding the posttransplant care, rather than advising against placing on the list.
Need for a "family transplant" Some unfortunate children have chaotic family situations as well as a life-threatening illness. This would include the young teen with hepatitis from rape by her step-father, or an older teen with a viral endocarditis from his heroin dealer mother. Although the odds that these children will be non-adherent later on are relatively high, it is difficult for many teams to condemn them to death for the results of the sins of their parents. The immediate need is to find them a safe place and support system for the pre-transplant waiting period. This can be difficult, as these children generally require more medical care than can be provided in regular foster care settings. Even more difficult is helping these children with long-term survival. The evidence to date suggests that problematic early childhoods are predictive of poor adherence (36) . The family is an important component of transplant success (37) .
Pretransplant psychiatric considerations
Most of the psychiatric and psychological issues in the pretransplant phase of care are familiar to the Consultation-liaison child psychiatrist as they are similar to those seen in families dealing with other life-threatening childhood illnesses (38) .
Guilt
Guilt can be a significant issue for parents of infants who are struggling with a genetic illness, usually previously unknown to them. It is also an issue for people whose children have infectious diseases, particularly if it is associated with travel. However, the parental wish to protect their children from all that is harmful means that some feelings of guilt will almost always be present.
Anger and blame
When people want to find a reason for something that is apparently random, they can turn to guilt or blame, or a mixture of the two. Anger and blame can be quite generalized or very specific, with parents most commonly blaming each other or one or more of the doctors they have seen.
Depression and helplessness
Parents typically will be advocates for their ill or hospitalized children. However, in some cases the parents withdraw. This does not necessarily mean that they don't care about their children, although often staff will interpret this as abandonment.
The best intervention for all of the problems above is obviously a quick and successful transplant. However, given the lengthy time that many children are on the list awaiting a transplant, some work is often necessary to help the parents deal with their guilt, anger and helplessness, and for the staff to deal with what look to them like difficult parents. Particularly problematic are the parents who deal with their own emotional distress by trying to take control. This can range from parents who will only allow certain people in the child's hospital room, to those who actually readjust settings on intravenous drips or ventilators. Setting up limits, while acknowledging the parents need for some control in an overwhelming situation, requires work with the entire extended treatment team, but can be very effective (39).
For less problematic but distressed parents, helping them find and use a social support network can be very helpful. Some transplant programs will have groups for parents. Internet based programs can also be helpful. An example is the Experience Journal (experincejournal.org) (40) . This very user-friendly website has stories written by parents and children dealing with pediatric liver transplantation and congenital heart disease, as well as interviews with doctors and other medical information.
Transplant hospitalization
The actual transplant is usually a surprise. After days to months of waiting, there is a sudden disruption of life. It is exciting, but frightening. This is amplified if there is a living-related donor. In such cases, there are two family members who are at risk during the surgery, and two to support afterward. For very young children, who do not understand the concept of shortterm pain for long-term gain, the transplant hospitalization, pain, procedures, and intensive care unit, can be quite traumatic. Other children may not be able to appreciate that this hospitalization will be different than others.
Transplant hospitalizations can be quite brief, given the major surgery and the usually lengthy illness which preceded it. However, there are often complications. What a surgeon considers minimal, such as a return to the OR to deal with a small bleed, may feel overwhelming to the family or child. Although everyone is warned otherwise, there is usually some hope that the transplant will result in immediate improvement in the child's condition. Children do respond quickly, and many are out of intensive care in days after an organ transplant. However, there is often a rocky course initially, particularly if the child has been very seriously ill. Parents during this time are well-advised to utilize their extended families and other social support networks (41).
Post-transplant
The first year post-transplant is often difficult. Children and parents learn that they have traded a life-threatening illness for a chronic condition, which requires daily medications, regular doctor visits, and care regarding exposure to infectious disease. In addition, it is likely that they will experience at least one episode of rejection as the medical team is adjusting their immunosuppressant regime. Not all recipients will be hospitalized during the year after transplantation, but many will. A qualitative study of pediatric heart transplant recipients found that the limitations on their activities with friends, family and at school were seen as major obstacles to quality of life by pediatric transplant recipients (42) .
Family must also make adjustments. Children who have been seen as fragile must gradually be allowed to encounter normal developmental challenges. Parents (and school personnel!) may be reluctant to allow children to return to school, physical activities, and play with friends. Parents are challenged to find a new equilibrium to be safe but not over-protective as the child re-enters the growth curve (43) . Parents often underestimate the impact of the transplant on the child, focusing on how much healthier the child is and not noticing how depressed the child may have become (44) .
One question for families is who will oversee the medication. With very young children it is obvious that parents must assume responsibility for ordering, obtaining, and administering the medication. For a parent to say that a two year old "doesn't want to take the medication" is understandable, but is not an acceptable reason for the child to not be receiving the necessary immunosuppressant medications. However, as children get older they should be assuming more responsibility for their lives, including self care. Surveys have shown that at about 9 years children start taking on some ownership of their medication regimens (45) . That is, at this age children start taking the medication on their own, rather than taking it when given to them by parents. Parents are still responsible for monitoring when more medications are needed, calling in prescriptions and picking up the medications. They may also check with the child to make sure the medication has been taken. As children get older, more of the tasks associated with medication self-care can and should be taken on, with parental monitoring.
This transition can be daunting to both parents and children. However, the alternatives are problematic. The child who takes on no responsibility until adolescence is likely to see the medications as something outwardly imposed by adults, and is more likely to resist them. But even if the teen is passively compliant this does not prepare them well for the eventual transition to care by an internist rather than a pediatrician. Pediatricians and their offices are more likely to follow-up on a patient who does not make, cancels, or does not show up for appointments than are offices who work with adult patients. Studies have shown that this transition can be difficult for children and adolescents with chronic conditions (46) . One approach to this has been to have pediatric practices continue to follow teens until their mid-20s, when most are functioning independently (47) . Other programs have created transition clinics for teens and young adults, which specifically focus on helping young people take control of their own health care (48) .
Adherence
One of the most complicated problems in all types of pediatric transplants is that of nonadherence to medical instruction. Although some types of transplant, such as heart transplants, have specific expectations in terms of diet and exercise, consistent use of immunosuppression is the primary behavioral challenge to survival after organ transplantation.
Non-adherence with medications is very common, with studies repeatedly demonstrating that only about half of people prescribed medication take at least 80% of the medications as prescribed (49) . The complexity of the regimen is associated with the likelihood of adherence, such that medications which must be taken several times a day, or in specific relationship to food or milk are less likely to be taken regularly (50) . Medications which have adverse effects are less likely to be taken, but so are medications which are largely preventative, and have no immediate adverse impact when they are not taken. An example is antihypertensive medications, which can cause sexual side-effects, and often create no immediate perceivable adverse effects when stopped.
It is often surprising to physicians that a transplant recipient would ever stop immunosuppressant medications. After all, they have been saved from death by this transplant. Why would they do anything to risk it? The reasons are multiple.
1.
As mentioned above, complex regimens are the most likely to lead to poor adherence. Immunosuppressant regimens almost always involve more than one medication, taken more than once a day. Medications which can be paired with a morning or evening regimen are simpler than those which need to be taken at school. Students are almost never allowed to carry medication with them at school, and must go to the nurse's office to get the medication. This increases the probability that the student will not remember, or will try to avoid the embarrassment of a trip to the nurse's office.
2.
Medication which causes adverse effects is less likely to be taken. The weight gain and impact on the face and abdomen associated with steroids makes these quite aversive to children and adolescents. Cyclosporine can lead to increased gum growth, and darker, thicker arm hair, which are of cosmetic concern. Recipients learn that these effects diminish if they reduce or stop their medication.
3.
Recipients who decrease or stop their medications also find that there are no immediate adverse consequences. Indeed, it turns out that some recipients can successfully stop immunosuppressive medications and not have rejection of the grafted organ. Unfortunately, it is not yet known who those fortunate individuals are, or exactly why it occurs, and so it cannot be predicted. Some other recipients will have a relatively quick response of acute rejection, which can be recognized, but may still result in loss of the graft. However, most recipients will simply intermittently take the immunosupression, resulting in a smoldering chronic rejection. This can also ultimately result in graft failure.
4.
Adolescents are particularly prone to non-adherence with medical advice. This is partly due to the developmentally appropriate questioning of authority, and desire to make their own decisions. It is also due to what we now know is immaturity of the prefrontal cortex, resulting in poor judgment in emotionally charged situations. The issues of transitions of care, discussed above, contribute to adolescent non-adherence.
Usual interventions, such as education about the consequences of non-adherence, are ineffective at changing behavior in some adolescents. More intensive interventions such as reminder cell calls or texts might be successful, but would be unnecessary and expensive to do with all recipients. However, targeting those for interventions has been difficult. Several studies have demonstrated that clinicians are not effective in predicting or identifying those pediatric recipients who are or will be non-adherent. Studies using self-report, pilling-counting, and computerized pill bottle tops have not been able to predict who will have biopsy proven rejection (51).
Studies with tacrolimus levels in pediatric liver transplant recipients have identified one promising possibility. Three programs have found that the standard deviation between at least three routine blood levels can be used to differentiate those who will have biopsy proven rejection from those who will not (52) . This has been replicated demonstrating that intermittent use of immunosuppression is seen in these widely varying levels (53) . Interventions to help decrease nonadherence have been piloted, including one using text-messaging to remind teens to take their medication (54) and targeted interventions with those who have high fluctuations in tacrolimus levels (55) or symptoms of posttraumatic stress (56) .
Posttraumatic stress
In recent years it has been found that life-threatening illness and the painful and invasive interventions which are often required, can be experienced as traumatic, resulting in symptoms of Posttraumatic Stress Disorder, in adults (57), children (58) , and parents (59, 60) . A study of the primary caregivers of 170 pediatric liver, heart and kidney transplant recipients found that they did not differ significantly from a healthy comparison group in terms of anxiety or from clinical norms for depression. However, 27.1% of the parents met criteria for a diagnosis of Posttraumatic Stress Disorder (PTSD) one to three years after successful transplantation (59) . Another study of 52 parents of pediatric heart transplant recipients had somewhat similar results, with ten of the 52 reporting symptoms consitant with a diagnosis of PTSD (60) . In a study of 104 adolescent recipients of liver, heart or kidney transplants, at least one year posttransplant, 16% met all symptoms criteria for PTSD (58) .
Long-term quality of life
Quality of life is difficult to assess in young children, and measures differ significantly between those used with children and with adolescents. However, long-term quality of life in adults who had solid organ transplants as children or adolescents is generally quite favorable. The majority of data are from kidney, liver and heart transplantation. Children have been able to resume growing, return to school, and report that they are relatively physically, socially and psychologically healthy (66). Pediatric organ transplant survivors' reports are consistent with a better quality of life than others with chronic illness, including people on dialysis for renal failure, but not as good a quality of life as healthy controls. However, long-term effects of immunosuppressive medication are a significant problem, and are the major predictor of perceived quality of life. These range from minor issues, such as vaccinations (67) , to moderate issues, such as infections (68, 69) , to life-threatening issues, such as renal failure (70) or cancer (71) .
Neuropsychological studies of pediatric organ transplant recipients suggest that not all of the neuropsychological sequellae of renal, cardiac, or liver failure are reversible. A recent review reported normal intelligence, but significantly impaired gross and fine motor skills in schoolaged kidney transplant recipients and that 27% of liver transplant recipients who had chronic liver disease in early infancy had intelligence scores that were more than 2 standard deviations below test norms (38) . In one study pediatric heart transplant recipients had a mean overall IQ of 86.7, 46% had low scores on expressive language, 63% had visual-motor deficits and 48% had fine motor deficits (39) . These deficits can obviously present problems for school, both before and after the transplant (40) .
Later complications of transplantation
Malignancy, sepsis, and posttransplant lymphoproliferative disorder account for more than 65% of deaths occurring more than 1 year after pediatric liver transplantation (72) . Risk of cancer in kidney transplant recipients has been found to have significantly increased incidence at 25 sites, with risk exceeding 3-fold at 18 of these sites. Most of these cancers were of known or suspected viral etiology (73) . Post-transplant lymphoproliferative disorder (PTLD) occurs in 1-20% of organ recipients following solid organ transplantation (74) . It can manifest as anything from a benign infectious mononucleosis-like illness to non-Hodgkin's lymphomas with nodal and extranodal site involvement, with a death rate as high as 33% (75) . PTLD risk factors include recipient pretransplant Epstein-Barr virus (EBV) negative serostatus, type of transplant, intensity of immunosuppression, and age (76) . To prevent PTLD, minimizing immunosuppression burden and using antiviral agents active against EBV are useful strategies. PTLD treatment may require reduction of immunosuppression, radiation, surgical excision, monoclonal antibodies, interferon-alfa, and chemotherapy (77) .
Pregnancy post-transplant
The first person to become pregnant after a solid organ transplant was a 21 year old woman in 1956 who had received a kidney from her identical twin sister (4). Most of the pregnancies which have been followed in individuals post-transplant have been after kidney transplants, but there are data now on pregnancies post liver transplant (78) . There do not seem to be significant structural problems in carrying a pregnancy despite the presence of an abdominal kidney (the original kidneys are usually not removed during a kidney transplant, and the allograft is placed in the abdomen rather than the pelvis). Although some immunosuppression is a normal part of pregnancy, transplant recipients must continue to take immunosuppressive medications during pregnancy. Long-term follow-up suggest that the rate of learning disabilities, attention deficit disorder, and malformations is no higher than in the general population in children born to mothers treated with cyclosporine, azathioprine, or prednisone (4). There is as yet fairly limited long-term information on pregnancy outcomes of recipients on tacrolimus or sirolimus (78).
Future directions
As immunosuppression improves, increasingly complex transplants are being attempted. There have now been reports of successful transplantation of the face (79) and of the hand (80). Although the surgical techniques are already well developed, very few programs are attempting theses procedures in the United States, and it is unlikely that either of these will be attempted soon for children or adolescents. The immunosuppressant regimen is still not well established. This is critical, because, unlike most solid organ transplants, face or hand transplants are not done to treat a life-threatening condition. It is therefore harder to ethically justify exposure of the recipient to potentially toxic drugs and to the risks of being immunocompromised (81). From a psychiatric standpoint a disfigured face or missing hand presents major problems in terms of identity, self-image and quality of life. However, such visible types of transplantation also present challenges. In addition, these complex transplants require a great deal of rehabilitation to successfully use the new part. Although the recipient of a new hand will not be as ill as someone receiving a new liver, the level of adherence and commitment to frequent and intense rehabilitation regimens is much greater for the hand, at least initially (81). The loss of the graft is also not equivalent to the loss of life. These types of issues will be confronting child psychiatrists in the not so distant future.
Summary
Solid organ transplantation has become highly successful for children with kidney, liver or heart failure, and is becoming increasingly successful for end-stage pulmonary and intestinal diseases. Psychiatric challenges include consultation to transplant teams regarding candidate selection, support for families during the wait for transplant, enhancing adherence to medication post-transplant, and addressing long-term problems such as posttraumatic stress responses. New ethical challenges are on the horizon, as transplantation moves to organs critical for psychological well-being but not for survival, such as faces and hands. A clear understanding of the developmental and family aspects of transplantation are necessary as child and adolescent psychiatrists attempt to keep up with the growing number of immunosuppressive drugs and approaches to the pediatric transplant recipient.
